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DESCRIPTION 



ION IMPLANTATION APPARATUS 



Technical Field 

5 The present invention relates to ion implantation 

apparatus and, more particularly, to ion implantation 
apparatus that can prevent a substrate from being 
contaminated by contaminant particles from a charged 
particle generator . 

10 Background Art 

Large-current ion implantation apparatus performs 
ion implantation with an ion beam having a large 
current value in order to introduce a number of ions 
per unit time into a substrate. For this reason, the 

15 substrate itself is gradually charged up during 

execution of the ion implantation* If this charge 
build-up results in discharge, the substrate can be 
damaged by the discharge. In order to avoid such an 
accident, a charge neutralizer is used to prevent the 

20 charge build-up on the substrate. The charge 

neutralizer generates electrons for relieving the 
damage due to the charge of the substrate, whereby the 
negative charge of the electrons neutralizes the 
positive charge of ions to be implanted. 

2 5 Disclosure of the Invention 

However, the charge neutralizer is constructed to 
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heat a filament by supplying an electric current 
thereto in order to generate the electrons , and thus 
not only the electrons but also metal particles making 
the filament jump out of the heated filament. If such 
5 metal particles reach the substrate, they will cause an 

unwanted effect on devices to be formed on the 
substrate in many cases. For this reason, the charge 
neutralizer becomes one of contamination sources for 
the substrate. 

10 An object of the present invention is to provide 

an ion implantation apparatus that can reduce such 
metal contamination . 

An ion implantation apparatus according to the 
present invention comprises an ion source section for 

15 generating ions; an ion implantation section for 

implanting the ions generated in the ion source section, 
in a substrate; a charged particle generator for 
generating charged particles having an opposite charge 
to that of the ions; a beam guide section having an 

20 inlet aperture for accepting the ions from the ion 

source section, an outlet aperture for delivering the 
ions to the ion implantation section, a guide tube 
extending from the inlet aperture to the outlet 
aperture, and an introducing section having an opening 

25 thereof in an internal surface of the guide tube, for 

introducing the charged particles from the charged 
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particle generator into the guide tube; and a shield 
section located between the opening of the introducing 
section and the outlet aperture inside the guide tube. 

In this structure, the beam guide section for the 
ions generated in the ion source section to pass toward 
the ion implantation section is provided with the 
charged particle generator for generating the charged 
particles having the opposite charge to that of the 
ions. Therefore, this charged particle generator also 
generates contaminant particles of contaminating matter 
for the substrate. However, since the shield section 
located between the opening of the introducing section 
and the outlet aperture is provided inside the guide 
tube, it can block paths of flight of contaminant 
15 particles jumping out through the opening of the 

internal wall of the guide tube and reaching the 
substrate . 

In the ion implantation apparatus according to 
the present invention, the shield section may have a 

20 shield surface intersecting with straight lines running 

from points on a surface specified by the opening of 
the introducing section to points on a surface of the 
substrate to be implanted, placed in the ion 
implantation section . 

25 With provision of this shield surface, it blocks 

paths of contaminant particles jumping out through the 
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opening of the internal wall of the guide tube and 
directly arriving at the substrate. 

In the ion implantation apparatus according to 
the present invention, the shield section may have a 
5 shield surface extending from the vicinity of the edge 

of the opening to above the opening . 

When the shield section is provided with the 
shield surface extending from the vicinity of the edge 
of the opening to above the opening as in this 

10 structure, the shield section of the simple structure 

blocks paths of contaminant particles jumping out of 
the opening of the internal wall of the guide tube and 
directly arriving at the substrate in the ion 
implantation section . 

15 In the ion implantation apparatus according to 

the present invention, the shield section may have a 
shield surface intersecting with straight lines running 
from points on a surface specified by the opening of 
the introducing section to points on a surface 

10 specified by the outlet aperture of the ion beam 

section . 

With provision of this shield surface, the shield 
surface blocks paths of contaminant particles jumping 
out though the opening of the introducing section and 
15 directly arriving at the substrate, even in the middle 

of movement of a substrate at the position facing the 
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outlet aperture. 

In the ion implantation apparatus according to 
the present invention, the shield section may have the 
shield surface making an acute angle with the internal 
wall surface of the guide tube and having a flat plate 
shape. The shield section may be configured to include 
a flat plate having the shield surface and placed at an 
acute angle to the internal wall surface of the guide 
tube, and a frame member for supporting this flat plate. 
Brief Description of the Drawings 

Fig. 1 is an exploded perspective view to show an 
ion implantation apparatus according to the present 
invention . 

Fig. 2 is a schematic structural diagram of the 
ion implantation apparatus according to the present 
invention . 

Fig. 3 is a perspective view of the interior of 
the beam guide section obtained when the outlet 
aperture is viewed from the inlet aperture. 

Fig. 4 is a longitudinal cross-sectional view as 
a cross section along I-I ' of Fig. 3, which 
schematically depicts the beam guide section in a plane 
including an axis directed in the traveling direction 
of the ion beam. 

Fig. 5 is a cross-sectional view as a cross 
section along II-II ' of Fig. 4. 
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Best Mode for Carrying Out the Invention 

A preferred embodiment of the present invention 
will be described hereinafter with reference to the 
drawings. The same portions will be denoted by the 
same reference symbols and redundant description will 
be omitted, as much as possible. 

The ion implantation apparatus 10 according to 
the embodiment of the present invention will be 
described referring to Fig. 1 and Fig. 2. Fig. 1 is an 
exploded perspective view to show the preferred 
embodiment of the ion implantation apparatus according 
to the present invention. Fig. 2 is a schematic 
structural diagram of the ion implantation apparatus of 
the present embodiment. 

Referring to Fig. 1 and Fig. 2, the ion 
implantation apparatus 10 is mainly comprised of an ion 
source section 12, an ion implantation section 14, and 
a beam guide section 24. 

The ion source section 12 generates ions to form 
an ion beam (IB). Wafers (substrates) W are placed in 
the ion implantation section 14, and the ions generated 
in the ion source section 12 are implanted in the 
wafers W. The beam guide section 24 has an inlet 
aperture for accepting the ions, connected to the ion 
25 source section 12 (more precisely, to a 

postacceleration system 23 described hereinafter), an 
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outlet aperture as an opening to the ion implantation 
section 14, for delivering the ions thereinto, and a 
guide tube extending from the inlet aperture to the 

outlet aperture. 

The ion source section 12 has an ion generating 
system 18, an ion beam extraction preacceleration 
system 20, a mass analyser system 22, and a 
postacceleration system 23. Each of these systems is 
housed in a housing or a tube (pipe). Vacuum pumps as 
pressure reducing means, e.g., turbo molecular vacuum 
pumps 26, 28 are connected to the ion beam extraction 
preacceleration system 20 and to the postacceleration 
system 23, respectively. For this reason, the interior 
of each of the ion beam extraction preacceleration 
15 system 20 and the postacceleration system 2 3 is 

depressurized to a predetermined vacuum. 

The ion generating system 18 is able to produce a 
high density plasma including doping ions by inducing 
discharge in a gas containing a doping impurity 
supplied from a gas supply source (not illustrated). 
The ion beam extraction preacceleration system 20 
extracts the doping ions from the plasma in the ion 
generating system 18 by making use of a potential 
difference from the ion generating system 18 and 
accelerates the doping ions to form the ion beam (IB). 
A magnet for mass analysis (not illustrated) is 
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disposed in the mass analyser system 22. Therefore, 
only ion species determined by the kinetic energy 
acquired in the ion extraction preacceleration system 
20 and the magnetic field of the mass analysis magnet 
are taken out of the ion source section 12. After 
taken out of the ion source section 12, the ion beam 
(IB) is further accelerated while passing the 
postacceleration system 23. The ion beam acquires 
predetermined kinetic energy (acceleration energy) 
suitable for the ion implantation before arrival at the 
beam guide section 24. 

The beam guide section (tube) 24 is connected at 
the inlet aperture to the postacceleration system 23. 
The beam guide section 24 accepts the ions through this 
inlet aperture and delivers the ions through the outlet 
aperture opening opposite to the ion implantation 
section 14. The ions are injected into the wafer W in 
the ion implantation section 14. 

On the other hand, the ion implantation section 
14 is provided with a target chamber 30 of a box type, 
and a wafer support wheel 32 disposed in the target 
chamber 30. 

The guide section 24 is located on one wall 
surface of the target chamber 30 so that an opening 34 
of the beam guide section 24 connected at one end 
thereof to the postacceleration system 2 3 can face the 
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^afer W. The beam guide section 24 projects with the 
opening 34 being directed into the target chamber 30. 
A beam stop 36 is located at a position opposite to the 
opening 34 in another wall surface. The beam stop 36 
5 is a stop for receiving the ion beam (IB) having passed 

the wafer support wheel 32, and an ion detector for 
detecting an ion beam irradiation amount is located 
there for controlling the ion implantation. Vacuum 
pumps as second pressure reducing means, for example, 
10 cryopumps 42, 44 are connected each through a valve 38, 

40 on the wall surface of the target chamber 32 to the 
ion implantation section 14. 

The wafer support wheel 32 consists of a swing 
shaft 46 mounted in a swingable state in the target 
15 chamber 30, a hub 48 mounted in a rotatable state to 

the distal end of the swing shaft 46, and a plurality 
of arms 50 radially extending from the hub 48. A wafer 
holder 52 for holding a wafer W is provided at the 
distal end of each arm 50. The hub 48 is driven to 
20 rotate in a direction of an arrow A illustrated in Fig. 

1 and the swing shaft 46 is swung in a predetermined 
angle range along directions of arrows B illustrated in 
Fig. 1- 

A wafer loader section 16 is disposed adjacent to 
25 the target chamber 30. In the wafer loader section 16, 

a transfer path 56 keeps a housing 54 and the target 



9 




TMW99-31 



10 



chamber 30 in communication with each other. This 
transfer path 56 is provided with an isolation valve 58 
to separate the housing 54 from the target chamber 30. 
This allows only the wafer loader 16 to be opened to 
the atmosphere, so that an operator can place a 
cassette (not illustrated) accommodating a plurality of 
wafers W, in the housing 54. The wafers W in the 
cassette can be transferred and mounted on the 
respective wafer holders 52 of the wafer support wheel 
32 in the target chamber 30 by a robot (not 

illustrated) . 

The beam guide section 24 will be described 
referring to Fig. 3 to Fig . 5 . Fig. 3 is a perspective 
view of the interior of the beam guide section 24 as a 
15 view of outlet aperture 24b from inlet aperture 24a. 

Fig. 4 is a cross-sectional view as a cross section 
along I-I ' of Fig. 3. Fig. 4 is the cross-sectional 
view to schematically show the beam guide section 24 in 
a plane including the axis directed in the traveling 
20 direction of the ion beam. Fig. 5 is a cross-sectional 

view as a cross section along II-II ' of Fig. 4. 

In the beam guide section 24, the inlet aperture 
24a is connected to the postacceleration system 
(denoted by numeral 23 in Fig. 2) of the ion source 
25 section and the outlet aperture 2 4b has the opening 34 

in communication with the interior of the ion 
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implantation section (denoted by numeral 14 in Fig. 2). 
The inlet aperture 24a and outlet aperture 24b are 
connected by a guide tube 24c extending from the inlet 
aperture 24a to the outlet aperture 24b. Therefore, 
the interior of the guide tube 24c is a passage for the 
ion beam 64 to pass, and the ions having passed through 
the guide tube arrive at the wafer 92. The wafer 92 is 
mounted on a wafer holder 52. Similarly, wafers 94 are 
mounted on other wafer holders 52. These wafers rotate 
at high speed in the plane normal to the direction of 
the traveling axis of the ion beam 64. Since this 
arrangement causes these wafers 92, 94 to successively 
move relative to the ion beam (in the direction of an 
arrow C in Fig. 4), the ions are repeatedly implanted 

15 in these wafers 92, 94. 

A charged particle generator 62 is disposed on an 
outer side surface of the beam guide section 24. This 
charged particle generator 62 is disposed in the target 
chamber 30. The charged particle generator 62 includes 
20 a filament coil 68 having two terminals, a plasma 

generating chamber 66 housing the filament coil 68, and 
a plasma intensifying magnet 70 for intensifying the 
plasma generated in the plasma generating chamber 66. 

ca-^ aay, of the filament coil 68 are 
The two terminals 68a, 68b or iine 

^ nr, electrically insulated state from one 
25 drawn out in an eiecT:.xii-cixijr 

surface of the plasma generating chamber 66 to the 
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outside of the chamber to be connected to a power 
supply 72. The power supply 72 is, for example, one 
having the dc voltage of 5 volts and the current supply 
capacity of 200 amperes. 
5 In order to generate the plasma in the plasma 

generating chamber 66, a filler gas, e.g., argon gas is 
supplied through a gas supply tube 74 to the plasma 
generating chamber 66. Since the electric current 
flowing in the filament coil 68 heats the filament 
10 itself, the filament coil 68 emits thermoelectrons into 

the plasma generating chamber 66. A power supply 78 is 
connected between the filament coil 68 and a peripheral 
part 76 of the chamber 6 6 so that the chamber 66 side 
has a higher potential than the filament coil 68. The 
15 power supply 7 8 is, for example, one having the dc 

voltage of 50 volts and the current supply capacity of 
6 amperes. When the filament coil 6 8 comes to emit 
thermoelectrons, the plasma is generated in the chamber 
66 to increase electrons emitted from the filament. 
20 Therefore, the charged particle generator 62 is an 

electron generator and thus has the function of a 
charge neutralizer. 

An introducing tube (introducing section) 8 0 
connects the plasma generating chamber 66 with the beam 
25 guide section 24. The introducing tube 80 has its 

opening 82 in the internal wall 2 4d of the guide tube 
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24c, so that the charged particles from the charged 
particle generator 62 are guided through this opening 
82 into the guide tube 24c. For this reason, part of 
the thermoelectrons generated pass through the 
introducing tube 80 because of diffusion thereof to be 
released into the beam guide section 24. A typical 
shape of such an opening 82 is a circle or an ellipse 
and the typical size thereof is 3 mm to 5 mm in the 
diameter passing the center. 

Meanwhile, the filament 68 heated by the electric 
current also emits particles of a metal material making 
the electrode, as well as the thermoelectrons. In the 
charged particle generator 62 of the ion implantation 
apparatus, the filament 68 is made of tungsten. 
Therefore, the charged particle generator 62 also emits 
tungsten atoms together with electrons. If the 
tungsten atoms were introduced into the silicon wafer, 
they could cause an unwanted effect on semiconductor 
devices. Therefore, it is necessary to employ a means 
for preventing the tungsten atoms from reaching the 
wafer . 

For this purpose, the ion implantation apparatus 
10 of the present embodiment is provided with a shield 
section 84. The shield section 84 is located between 
the opening 82 of the introducing tube 80 and the 
outlet aperture 24b on the internal wall surface 24d of 
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the guide tube 2 4c. 

The following will describe the reason why this 
shield section 84 is suitable for prevention of 
contamination of wafers. The charged particle 
5 generator 62 for generating the charged particles 

having the charge opposite to that of the ions is 
provided in the beam guide section 24 through which the 
ions generated in the ion source section 18 (see Fig. 
2) pass to be introduced into the ion implantation 

10 section 14 (see Fig. 2). For this reason, the charged 

particle generator 62 also generates the contaminant 
particles (tungsten atoms of the constituent element 
making the filament) which are contaminants for the 
wafers. However, when the shield section 8 4 located 

15 between the opening 82 of the introducing tube 80 and 

the outlet aperture 24b is placed on the internal wall 
24d of the guide tube 24a, it blocks paths of particles 
jumping out through the opening 82 of the internal wall 
24d of the guide tube and directly reaching the wafer 

20 92. Therefore, the shield section prevents the 

tungsten atoms from contaminating the wafers. 

In the example illustrated in Fig. 4, the paths 
to be blocked are only those of the particles jumping 
out through the opening 82 and directly reaching the 

25 wafer 92. Concerning it, the inventor considers the 

reason as follows. In general, the interior of the 
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beam guide section 24 of such ion implantation 
apparatus is maintained in high vacuum. The reason is 
that the vacuum in which the ions of the ion beam 6 4 
rarely collide with remaining gas, needs to be achieved 
in order to permit very large part of the ion beam 64 
entering through the inlet aperture 24a to reach the 
outlet aperture 24b. When the beam guide section 24 is 
maintained in such a vacuum, the probability of the 
particles colliding with the ion implantation apparatus 
or the wall surface 24d of the beam guide section 24 or 
the like is greater than the probability of the 
particles therein colliding with each other. 
Accordingly, though the tungsten atoms jumping out 
through the opening 82 have velocities in various 
15 directions, the tungsten atoms, particularly, with 

velocity vectors directed toward the wafer 92, 
specifically, with velocity vectors within dashed lines 
88 in the example of Fig. 4 can directly reach the 
surface of the wafer 92 unless they collide with other 
20 particles. The particles with other velocity vectors 

have to change their directions of motion toward the 
wafer 92 by colliding with the wall surface 24d. This 
probability is small. It is thus sufficient to block 
the paths of the tungsten atoms jumping out through the 
25 opening 82 and directly reaching the wafer 92. 

Referring to Fig. 4 and Fig. 5, the region 
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between chain double-dashed lines 86 indicates a 
situation in which as a result of movement the wafer 92 
has arrived at the position where the entire surface 
thereof appears in the outlet aperture 24b of the beam 
5 guide section 24. The region between dashed lines 88 

indicates a situation in which after further movement 
the wafer 92 has arrived at the position where the 
entire surface thereof appears approximately in the 
center of the outlet aperture 24b of the beam guide 

10 section 24. The region between chain lines 90 

indicates a situation in which after further movement 
the wafer 92 has arrived at the position where part of 
the surface thereof starts leaving the outlet aperture 
24b of the beam guide section 24. 

15 With examples of two typical points 82a, 82b on 

the periphery of the opening 82, the matter necessary 
for prevention of contamination of wafers will be 
further described. The point 82a is the closest point 
to the outlet aperture 24b out of those on the opening 

20 82 and the point 82b the farthest point from the outlet 

aperture 24b out of those on the opening 82. A shield 
surface 84a of the shield section 84 intersects with at 
least part of a group of straight lines running from 
the point 82a to points on the surface of the wafer 92. 

25 Likewise, the shield surface 84a of the shield portion 

84 intersects with at least part of a group of straight 
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lines from the point 82b to points on the surface of 
the wafer 92. The tungsten atoms flying in paths 
indicated by the intersecting lines collide with the 
Shield section 84, i.e., with the shield surface 84a 
before reaching the wafer surface. Therefore, such 
atoms do not reach the wafer surface. 

The above described the typical points B2a and 
82b, but a similar group of straight lines is also 
defined at each point on the opening surface specified 
by the opening 82. in order to prevent the 
contamination caused by the tungsten atoms, it is 
preferable to provide the shield surface 84a so that 
the shield surface 84a of the shield section 84 
intersects with at least part of such straight line 
groups consisting of all the straight lines defined at 
the respective points as described above. 

particularly, in the cross section (plane) 
illustrated in Fig. 4, the shield surface 84a of the 
Shield section 84 intersects with all the straight 
lines running from the point 82a to the respective 
points on the surface of the wafer 92. Similarly, the 
Shield surface 84a of the shield section 84 intersects 
with all the straight lines running from the point 82b 

• J. „ i-ho surface of the wafer 92 
to the respective points on the surface or 

The shield surface 84a also intersects with all the 

straight lines running from each of the points on the 
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.„.ace speciUed t.e opening « eac. o£ ..e 

^v, onr-face of the wafer 92. 
points on the surface o ^.irface 

• case in which the shield surface 

Fiq. 5 depicts a case 

■th all the straight lines running from 
84a intersects with all 

^v, =„r-face of the opening 82 1:0 eci 
all the points on the surface 01 

V, =f^r- 92 and an outline 
point on the surface of the wafer 92, 

defined the group of these straight imes is 
Liustrated on the shield surface B.a of the shield 
3ection 3. Xn this case, the contamination can .e 
r^r-P>vented almost perfectly- 

preventea . -, described below m 

The shield surface 84a will be descri 

. 84a is preferably a surface 
The shield surface 84a is p 

•.h the straight lines running from each 
intersecting with the straiy 

surface specified by the opening 
nf the points on the surface sp 

° of the points on 

1-nhe 80 to each ot tne y 
3. of the introducing tube 

surface to be implanted in the wafer ^ ^ 

.^ion 14 When such a shield 
the ion implantation section 

• r^laced it blocks the paths of the 
surface 84a is placed, ^ ^^^^^ 

contaminant particles jumping out 

^ wall 24d of the guide tube and 
82 of the internal wall 24a 

ritrectly reaching the wafer 92. 

f .e 8 4a is preferably shaped so as 
The shield surface 8 4a is p 

. - ^-F the edge 82a of the 
„ extend from the vic.n.ty of the e g 

82 to above the opeain, 82. By prov.d.ng the 

opening 82 to au ejection 84 
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of the simple structure blocKs the paths of the 
contaminant particies Jumping out through the opening 
Of the internal »all 24a of the guide tube and directly 
reaching the wafer in the ion implantation section 14. 

further, the shield surface S4a is preferably one 
intersecting with straight lines running from each of 
the points on the surface specified by the opening 82 
of the introducing tube 80 to each of points on the 
.urface specified by the outlet aperture 24b of the ion 
,ea,n section 24. By providing the shield surface 84a 
of this type, the shield section bloc.s the paths of 
the contaminant particles Jumping out through the 
opening 82 of the internal wall 24d of the guide tube 

. ■ 4-1,^ ,,af*:»T- 92 everywhere the wafer 
and directly reachrng the wafer 92 e y 

92 moves across the outlet aperture. 

OA r^-F i-hi«? t.vv/e can be a flat- 
The shield section 84 of this typ 

h^c! the shield surface 84a at 
plate-shape member which has the sni^ 

one end, the shield surface 84a maKing an acute angle 
^^^^ with the wall surface 24d of the guide tube, and which 

extends in the direction of the ion beam 64 on the 
internal wall 24d. The shield section 84 may also be 

. f . flat Plate one surface of which forms 
constructed of a flat piai^e 

^ ft 4a and which extends at an acute 
the shield surface 84a anq wax 

n <,iirfa/^::e 24d, and a frame member 
angle from the wall surty^e ^'i , 

supporting the flat plat^. 

■X the illustration includes 
Referring to Fig. 3, the iiiub 
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only the beam guide section 24, the charge generating 
section 62, and the shield section 84 for simplicity. 
The opening 82 of the introducing tube 80 is located in 
the internal wall 24d of the beam guide section 24. 
5 The outline 84b of the group of straight lines 

connecting between the points on the opening 80 and the 
points on the wafer 92 is illustrated on the shield 
surface 84a of the shield section 84. Since the shield 
plane 84a is arranged to extend so as to cover the 

10 region from the edge of the opening 82 to above the 

opening 82 in this way, it can intersect with at least 
part of such a group of straight lines. The shield 
plane 84a is preferably formed so as to intersect with 
all the group of straight lines. 

15 A material suitable for formation of such a 

shield section 84 is preferably graphite. As another 
example, the shield portion 84 is made of a 
predetermined material and thereafter it is coated with 
graphite by a surface coating treatment, thereby 

20 preventing the contamination. 

The results of experiments will be presented 
below as to the ion implantation apparatus provided 
with the shield section 84 for shielding the filament 
68 as described above. The ion implantation conditions 

25 employed for the experiments were as follows. 

Ion species: As 
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Acceleration energy: 80 keV 
Dose: 5 X lO'Vcm' 

Analysis was conducted to measure amounts of 
tungsten in substrates with or without the shield 
5 section 84 under the above conditions. This analysis 

was carried out by inductively coupled plasma mass 
spectrometry (ICP-MS). The experiment results were as 
follows : 

before attachment of the filament shield: 2.4 X 

10 10^^ atoms/cm^; 

after attachment of the filament shield: 1.6 X 

10^° atoms /cm^. 

The shield section 84 was provided so as to block the 
entire viewing angle range from the wafer to the 
opening in communication with the chamber housing the 
filament. As a result, the number of atoms of the 
contaminant element was reduced to below one tenth. 
Industrial Applicability 

AS detailed above, the ion implantation apparatus 
according to the present invention is constructed so 
that the charged particle generator is attached to the 
beam guide section through which the ion beam passes to 
be delivered to the ion implantation section. For this 
reason, the charged particle generator also generates 
the contaminant particles of contaminating matter for 
the substrate together with the charged particles 
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having the charge opposite to that of the ions. 
However, since the shield section located between the 
opening of the introducing section and the outlet 
aperture is provided on the internal surface of the 
guide tube, it can block the paths of the contaminant 
particles jumping out through the opening of the 
internal wall of the guide tube and reaching the 
substrate. Therefore, the invention provides the ion 
implantation apparatus capable of preventing the 
substrate from being contaminated by the contaminant 
particles generated by the charged particle generator 
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